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' Members of the.^^niversity of iowa Computer ^Center and the . ^y. 
^Department of Pathology of the College^ of Medicine h^ve designed 
and Lmplemeii't;ed, a set ^ of computer programs and data ^iles*- ^'- 
•entitXed CAPS (A Computer-Assisted Patient Simulation) '' whicsh-*' 
\provides ^ simulated experience wit h' patiept-diagnosis problems 
.to' medical students. Thes^ computer based simulations' of^v^ibie^ 
physician- patient encounter are a learni,ng exercise designed- to : ' ' 
(1) provide opportunities for making diagnoses and decisions?> (2) 
develop pr-oblem- solving skills;' ($) ^expa nd- knowl edg^ of ^pacific - 
disease entities ^nd the hospital* resources 'useful and nec'essary 
'in' differentiating between these entities; ali'd^ (4) tea^Ti cost-- 
effective ^utilization of, a pathclogy laboratory. The^ CAFS system 
offers the ^ us^r^ tisual^y a\meSical^ student , the oppcirt unity to 
apply acquired knowledge and practice learned t*echniqua% to solve 
v^ioti's ^ -simulated^ yet authentic^ \ problems in differential 
^ia^gnosis* (The term^ s tud ent it appears throughout.- this p^per 
also refers to an intern qr. a pract icing' physicia n cpiicerned. wiljh 
continuing his/hei: education.) . ^ ' 

simulation . y . ^ ^ 

Sl'mulati'^on ?is ,a technique, 'which ha^ r^cei;tly gained 
considerable atten\ion and utiiizatioi^ in educatioij, as a strategy 
for 'teaching^ elicifeLng, >/and evaluating highfe r-levell prcbleip- v 
scJlyim^ skills while " providing realism^ richness^ and camplexit'yo 
This technique has beeii described by Bobul^ ^nd Pag^e^JI) as 
"placing an individual, in a realistic setting whe^re he is 
^confronted by a ^problematic -situation that. requires a Sequence of 
inquiries^ .decisions^, and actions. Eac\f 'bf thes^ activities 
triggers appropriat-e feedbacfk ^hich may modity the situation dnd 
be usei'for subsequent 'decisions ^about what to do nex^bs^ ' T^h4» " 
examinee's next * action in turn may. further^ mpdify the prcbl^p. 
Thus^ a " pxo"blem \ evolves through^ many stages until i^ is 
terminate"d when t'he i^'dividual reaches an 'acceptable solution ot 
'is 'faced by the^ unaccieptable .donsequences brought about by ^ his 
-own. choices and actions*" ^ . - - 

' Bdcause • of) * (iy the\*need to provide^ students with practice . * 
in sequential iii f ormcLti6^^ ^gatheiri^g^ diagnosis^ " and decision 
making and (2) the ^limitations Involved in using actual medical ^ ^ 
patients* (e*. g. ^ student time involved availability of patients . ^ 
with spe^cific diseases^ at » the * appropriate time/ welfare', of ' 
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pati'ents, staff time,;etc.). simulations appear to be prosiisi/ng 
technique for "^the presentation of pai;i ent-maaageiaent problems.' 
McGuire 'and associates *tO' the, University of Illinois^ Center, /feor 
Education Development at Chica'^o as ij'ef erenced hf Bobula atid Pag«^ 
have developed a model for €he design ' "bf »^papet-an(J-pen/Cil" 
simulations utilizing a latent, image method. t^any clinical 
simulations for both ^ ins^:ructidn t^and ' ey^luat^ion ha've / been 
implemented' using this model. In anotl/er projerc^ ^Iso glt'the 
Center for Edu<:ational Development, Harl^ss, 
workers (^i) employed and compui^er ^s > a 
sivmulations,, of the clinical qncounter. /Their 
(Computer-Iided Simulation ' of the Clinical 
information gathering in a natural language format..^ In 
to this ^study and - CAPS here at Iowa, ^computer-based 
simul-ations have -also been developed at jMass^chusetts 
Hospital in ^Boston, Hassachusett^ (5) , aid the State^'-U 
of New York in {Jew Yark City (3).^ 
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Design^,^of a_Student_;_§ Interaction - ^ ^ ^ 

The- student is' assigned *a patient by:re6eiv^ng a short 
print-ed history, (in simulation terminology sometimes c/alled "the 
setting")", a set of wor k' ^heetsj^f or the accumiilat j.o^ pf- further 
data concerning the patient, and ^ list of 66 poi^si-ble diagnoses 

"^and 35 (• treatS'ents . , The student's task is to ^athe^ a^^itional 
information about the patient until he/she feels confident to 
make^ a diagnosis and, initiate treatment. ' This/ infqrmation 
regarding tha patient's condition is attaj.nable concerning: (1) 

' p^st medical history; (2) physical 'examinations; and (3)^ 
laboratory tests or clinical procedures. .— To save tim^ an^a avoid 
'typi'ng errors, a three-character ,(one letter and tw/o-di^gits)', code 
its associated with each of the pieces of information,^ and 'this 

, code .must be .spec^ified in requesting *^desired material from the 
computer. In the informa-ti on-gathering process/, the me(|^ical 
student is encouraged to alternately use reading materials, 
suggested algor it hms^. consultations, and, the compijlter to gather 

'and anal^^ information*. •Furthermore, all photographs or 
pertinent , /.jDiopsy specimens -and >t-rays ar^e available and 
^r^f ereijced to appropriate case^^. ^ v ' ^ ' \ 

Rvg^ism o4 v^^spital practices is 'built into the simulation 
on the following manner: '{I) Infopmation is withheld 'from' t^e 
student 'for the usual n^-mber of hospital' days required to 
^ctually^ complete the analysis. ' (Hist^orical and physical 
e'x.amination ^ data are available immediately.) For example, if a 
biopsy , is ordered by a student, he/she is directed to the 
^appropriate histologic slide ^ the following day and receives a 
written pathologist's repor't one additional day later. However^' 
a simulated , hospital -day is not necessarily equivalent in- time 
elapsed to. a 24-hoUD day. Its exict length is under .the user's 
control. Depending upon the student's time schedule and ''his/her 
desire to see a test ^result f a simulated Ijospital day might be as 
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short as a few minutes or a^ long as several normal 2fe-hour "days. 
But inef^^ective^ utilization ^of vthe ^Laboratories caiissed ' by^ 
prem'^ture ending of 'simulated h6s(?pital days results in higher 
hospital costs for the patient,' (2) CeVtain t.est and pro^cedures 
which are incompatible cannot be-T scheduled durin^g .the "same time 
period, For esaniple, two tests 'involving radioisotopic 
procedures cannot* be ordered .<pn the Sfame day, (3)' A" patient is 
charged current University of' Iowa Hospital rates 'for ' bcith 
hospital room amd ^ laboratgry tests, Tbe ' room charge -(is 
calculated according to the total number of'' simulated, days of the 
stay, (4) La'boratory results are. vari^ed according to a normal 
.distribution determined from -actual patient d^ta,^ This *means 
that- If ,a patient's hemoglobin is requested on two'separate days 
the two values obtained ^ould most likely be different, Als6, it 
means ' that st^idents who request the same tests will be given 
different Values distributed over a normal curve with ''a pr>e- 
•i^etermined mean and s.ta^dard deviatiohl • 

Upon ' completing . t^ie sta.ges ^of acquiring in-formation, 
apply trig • previous claBsr9om knowledge to the pase , and e^^aniining 
relat ionshipSj, a medical student enter's hi^/hef dingfrosis and 
suggested treatment of the problem iii.to. the. • computer, Thd 
S'*:udent ' does not have to"^ f or mulate a statement o.f.this diagnosis 
or treatment • buf sim'p^l]^ - select s ^the appropriate cod^es frpm 
provided lists,- A pre-stated diagnosis is utilized to make the 
student's repj.^^ Jpore definitive. Also, so desired, additional, 
diagnostic statements ^may be entefed by the student for .the' case. 
Student analyses aire compared with idealx^pproaches , derived- from 
the co'nensus of a gfouf> o'f faculty members, and are 5u^9^^ "^he 
basis of correctness; of diagnosis, cost of hospital stay an4 af 
tests and pi^ocedijres performed/ and ordering of recommended t.ests 
and procedures, , ^ ^ ^ 

Prior to receiving feedback on the correctness of.h;LS/her 
diagnosis and treatment, .the^ student' is * given , a sho.rt 
quest ionnairfe to < acce§s" attitudes toward' the CAPS concept. The 
student Is askefi to rate his/her ' interest in CAPS and the 
difficulty of'the case. He/she is alsc^r equested to evaluate the 
degree to vJ^ich the sifnulation im provedNc'nowledge . of laboratory 

tests,, diagnpstic skills, and understanding of* sub ject . mat ter , • - 

\> '. * ^ ' 

Actual ^tudent int«?raction with the computer is kept 
intentionally -^rief, with the ' computer being employed 'to control 
and vary the i\if brmation presented to ^the medS'cal stiSident and to 
record student aecisipns, "'At the same time^' the- student is 
encouraged to make use of resources in -addition to the computer, 

r o q r am s _ a n d F i 1 e _ S t r u c t u r e 

The CAPS system is implemented on a ^Hewlett-Packard (HP)* 
2000F minicomputer utilizing EASIC progra'flis and HP's Course 



Writing Facility 



(CWF) ^ the . latter a 'sequel to IBM's Coursewriter 



III language, ^^WF was engaged pi;imari.ly ,as an aid m the rec^^- 
keeping function .'of the simulation by providing student c;^rse 
facilities (i • e • ^ "counters/ buffers.^ §witcfhes,^ parameters, 
registers, and auxiliary storage) and , sign-on return points, 
Klko, In conjunction with -HPVs Instructional Management Facility 
'(IMF),* CWF mangles' student registrations and the ' sign-oft/sign-off 
procedures, Beca^use a gr,eat deal of the CAPS interaction 
involves information retrieval and file manipulation, the bulk of 

the CAPS' system is comprised of BASIC language programs, 

I. ' f 

Two\ files which hold da ta concerning pa^t^ medical history, 
physical examinations, ' and laboratory tests are 'associated" vith^ 
eack patient case. One file defines normal results>and the other* 
fi:|.e; abnormal ' results', . The"^ nO,rma-l fiie> ithe-larger of the - two, 
is capable of be'ing employed- 'witb" many cases whereas^the abnormal 
file pertai,ns . exclusively to .a particujLar patient -case and 
contains only data which is differeat from th^ normal values. 
The normal file consists of 39 standat^ history ,iteTms, 13 
physi'cal -examination categories, .and 117 remotely relevant 
laborato;ry tests and clinical procet^ures available at University 
Hospital, The number , of items„def ined f or each abnormal file 
averages, less than 35,. * . ' , ' 

Case names ^ are af fhe form "All" where "A" is a letter and 
"11" is a two-digit ^number, "The' letter of the case name 
designates the name of the normal file (e,g,,.M for male, F for . 
female, C for chilfi, E for ^eidefly person, etc) and the number 
indicates which abnormal * file is to be used for the particular 
patient. Currently the -system is comprised of two normal iil^s 
(male and female) and eleven abnormal files. However, 'twenty-two ,< 
additional abnormal files are about to be entered^ into the 
system, and data for a normal child -s file is b^ing compiled./ 

For each patient case, the abnorma'l file is Tun against the 
normal one in that^the simulation program .searches the abnormal 
fLle f irsit for the desired result. If the result is not found, • 
the program proceeds*, to examine t'he normal file,- This' procedjare 
allows the easy proliferation of cases by merely defining 
mu Itiple 'Abnormal files to be run against any specific normal 
file. In' fact, large numbers of new patien-^ simulations can be 
easily cifeated by using ''actual" patients* .hospital charts once a 
normal file is established, 

A primary concern in the design, of the simulation programs 
and the file structure is the program's ability to rapidly locate 
an appropriat^e result, 'Because , inp*ut/out p^tt ^(I/O . accesses 
degrade response ti,jne, the file is' organized .to minimize I/O 
acce^sses.. This i;^ accom'plished by setting up a directory of the ^ 
location of ihf ormation - withdn a file as the/ first three file, 
records. The directory is compri^sea of a ll^t of the letter,s / of 
the results defined in the file as^well a-s ^ pointer^ to the amray 
which holds the file recard* number' cbntaining inf pr ma^riona 
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pertaining to. a" particular result. During a student's session on 
the simulation y this directory is stored in memory, Thus'^ to 
find, a requested piece of inf or ma ti on^ onlyv one I/O access is 
necessary, preceded by .a ' DO-loop, to ascertain -che appropriate 
letter •and' on^ calculat ionvto locate the ' element of the array 
contaiAing -the file* teccfE-^number •* ^ • * 



The file organization for the normal and abnormal fi.les^s 
identical except that the correct d^a-gnosis and treatment fW the 
patient Constitute the fourth and fifth records of the abnormal 
files, Inf<3rmation fo^: student access^ with one result <per. 
record^ pflakes up the remaining recordS of the files. For every 
result ^ the record has values lor each or all . (values- appropriate 
or meaningful for the particular result) of ^t*he^ following data 
items: (1) name^.or descriptive statement of item; (2) timte. factor 
(numb^ of d'ays before information is available; if the number is 
zero/ information is available immediately) ; .(3) cost of test in 
dolJ,ars; -(,4) conditional option (allows student to withdraw 
ord^er) ; / (5) ' i^pe of test (generator ^ or regular--'discussed in 
fallowing paragraph); (6) test generated (a. list of other tests 
^6 be included a"s part of current ^ test); (7) test blocked 
(incompatible procedures prohibited for a specified numter of 
days pending^ completion of "test in progress); . (8) numerical 
result" (mean^ ^landard deviation)-;. (9)?. uni^ts fot numerical 
reslilts; and (lOjT written result^, 

Re-ferred to in the preceding paragraph, regular tests 
provide the student owith a static' written statement and/or a 
computer-generated numerical value. The computer-ofenerated 
numerical value is a normal random number selected from a^ normal^ 
distribution with a pre-specif iejd nvean and standard de v^ia'Mon, 

-Xhecnorifial ' random number is obtained hy^JX^^^ Mueller • s^ algorithril 

/(6) and HP's unsi'form random 'numbec generator, A ^generator item 
merely 'consists of ^'rpup of leg'itimate tests or procedures 

.Which have, a comm onality , c Each test can be or(Jered separately or 
all t^sts can be ordered as a package under the generator 
concept. The values for ti me ' required , cost, and any blocked 
tes.tp are taken* fro-m the generator item itself rath<er t{than from 
the 'individual tests. For example, an SMA 6/60 test is c6mpcsed 
of t^e results of the following six tests^ ^^sodium, potassium, 

'chldride, CQ^ content, Orea-N, and creatinine. The cost of the 
SEA 6/6D ,test^* is $12 whereas the charge for six tests 
individually is>^ $36' or $6 per test. The values produced either 
by the generator or the six individual items are equivalent, at 
least theoret'ically, . " ( ^ ^ ' 

Compu-t^r programs to construct the f^les are written so as 
to prompt u^erso f or pertinent information during the ^b'uil ding 
a file, Bei^ause they are not stored in a sequential manner, the 
dat^ itenis can be entered into the CAPSv^^stem in any sequence. 
However,, in response to a program queny, the user does Establish 
limits "as to the ^number of dd^ferenjt jjetters possible and the 



maximuni number of entries within each letter category. As the 
information for a result is incorporated into the'^file, the file 
directory is a'utomaticaily updated, to reflect the addition,. 
Furthermore, the program allQWs' the lists of - data- items to be 
expanded or changed for all" patients. 

- ' ' ■ " ' » ■ 

During intera^Gtion with the simulation, the .program presents 
a main option poin^ to the student which permits he/she to select 
one of five options. • The five pption point? are. to: (1) select a 
desired piece of information;^ (2) conclude the current hospital 
day; (3) list all pendi^ng tfests; {(\) terminate the* case by 
specifying a diagnosis, and treatment; and (5) sign off the 
computer. After completing the option desired, except for number/ 
four, the student is recycled back to the main option point. ( 

, Initiating option one, the. student responds t'o the. program 
by- entering the appropriate code for ^ the desired piece of 
* information. The program? searches the blocked test list to 
assure that the results has not been blocked by a previous 
request. If not blocked, and depending upon the particular item> 
the pif-ogram eit-her displays the result to^he student immediately 
or adds the test to the list of tes'ts^ pending . The student 
continues ordering informatipn until he/she wishes to return to 
the main option point,, which ^is accomplished by merely pushing^ 
the carriage re turn ^mechanism on the terminal. ^ 

Option two is employed to begin a new si m^lat ed hosp ital 
tfay. When this option is specified, the compute r\ pro gram does 
two things: (1) removes any tests from the blocked ' test list 
which are no longer incompatible and (2) displays the results of 
any test which had been pending but is now available as " of this 
new day.. Both, the blocked-test list and tests-pending, list are 
updatefl and compressed by deleting tests no longer blocked or 
fending. The st^udent ds then branched back to the main option 
point. - ' X ' 

For option three, the program displays the names of all 
tests which are pending completion and the day that each Qne will 
*be available. Then, as before, the. student is directed back-to 
the main option point. ^ Jf he/she s^el^ts option five., the 
student is signed off the computer and all data relating to 
his/her progress in the case i^^'^^ored. W-hen sign^ing back onto 
the computer, the ^student is 'started at the main option point, 
the designation of option five does not orginate a new hospital 
day. 

Upon concluding the information gathering and analysis 
process, the student specifies option four to state the diagnosis 
of the patient's problem and to begin? a treatment. Once the 
student initiates the diagnosis, iie/she cannot return to^the main 
option point and so at this^ point is given a fin^l opportunity to 
return. Upon proceeding, the '^student designate a diagnosis by 
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• typing an appropriate code number' as spe^cified in a handout. The 
program than permits \he stude/nt to enter up_^ to an ijicluding 
seven lines of additional description or comments. For the . 
intended treatment plan^ the student types in from one to ten 
treatment code numbers obtained from -the h,andout. Next, the 
program requests the student to answer a short quest ionnaire 
which assesses the student's attitude toward the simulated 
patient experience. Finally-, cojrrect diagnosis and treatment for 
the patient 'is presented to the student. 

The program accumulates a sequential day-by-day reccrd of 
^ the student's ordering of tests, the tot'al- number 'of hospital 
days, the entire cJiarges 'of the hospital stay and t6$ts, the 
diagnosis, and thf treatment. Upon completion^ of the^ case^ this 
data is stored in a file, ^nd the student'* s cours'e area 'is 
.readied for another^patient • ' . - r * 

A_Com£arison_with_CASE . * 

As "bhe* CASE system is familiar to most medical educators, 
concerned with the teaching of clinical skills, it is worthwhile 
to make' s^Dme comparisons between. CAPS and , CASE, Technical and 
design differences will be noted but no judgment will be made \as 
to^ which , system is the more^ effecti^S^e, , ' . 

A very not,iceab]>e difference is the fact that the CASE 
simulations utilize a natural language format in wtiich the user 
construNcts an ^information request in hi^/her own* words. On- thfe 
'Other hand, CAPS employs a code system to represent requests. 
This \feature of the CAPS desigji. -pertrfits simpler i^u^ent input," 
demands less student 'terminal contact time, arid allows ah 
unsophisticated answer -ptocess ing capability. Another factor^ 
irif luen-ced by the uncomplicated CAPS- dep,ign philosophy . is '"the- 
amount of time involved in implementing the system. The CAPS 
system was programmed in fewer tlj-an three monttis, 'considerably 
less time than was required to implement the more 'complicat,ad 
CAS^ system, ' . t 

The CAPS simulations .necessitate much less direct Recess 
disk space * than the CASE -patients, an(pther significant 
difference, , This smaller ^storage' requiremenlf 'is d.ue partly to 
the CAPS feature of sharing files rather than duplicating^ common 
informartion and ' partly to the complexities- of the" CASE answers- 
processing procedures. Furthermore, the two-file design features 
^ ^gives the CAPS- system a great deal of flexibility. New cases can 
readily be added to the system by simply creat'ing ^^n appropriate 
abnormal file' for the patient,; Although CASE operat.es' on a» 
similar f^rinciple, 'the method ^of a'^dding new' cases app^earsl to be 
much more involved, CASE literature (2) states that cases car be 
easily defined and require only a small amount of the physician's 
time, towever^ after several 'years of operation, the few^ cases 
produced seems to indicate ^otherwise, 

• ) ■ \ • • ■ : ' 
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Realism 'is ^ incorporated itito the gAPS ,si tnulat lon^ in the 
following* • wa7s : (1)"' Test resuXts- are' available anlx after tlie 
appVopriate number of ^ays req-uired to GOmplete the test h^*ve . 
passed^ (2) ^Certain tests cannot be/run while other, inc^ompa'tiblev 
tests are scheduled,. (3) Cha];:ges are accumulated for both the\^ 
tests run and the number o"f 'patient ^haspital days, (4) Test ^ 
result.s are ' no,t static but ^ are generated each time, a test is' 
req-uested, In the CASE system 'the static r^esults' o-f teSt are • 
available immediately^ with no charge and without reference to\ 
• previous^ly ordered tes'ts, ^ ' 

Both^'CAPS and 'CASE pro vide ^vfe edbaok to 1:Jie student' 
concerning the correct diagnosis and treatment* Howevei? in /the ^ 
^CASE system^ the ^dia^gnosis and treatm.ent can have an effecl: on' 
'-the patient ^ ;or' the^ patient^'s symptoms ' may v , change^ during the - 
case, I ' > . ' , . • 

Conclusion ; . ^ 

^ --'T ^r, ' . ' ^ . . • ^ — • - . 

ThQ CAPS systeM was tested on 175 medical students Fall* 
Semester, M974^ wi^h^e^ch student completing at least one ^latient 
case, ; For thirs \ trial run, elever\ ca'ses were de^veloped ^dealing 
with t^e malabsqirption syndDOme, In general , the *studen'ts were. 
not 'as efficient nop effective in regard, to the time^and 
laboratory expenditures nor the ccmpleteness* of the laboratory- 
-^ata acquisition as was the facuTty consensus, .However, student' 
reaction was,h,ighly favorable,, CAPS, has b^,en deemed a success by - 
both' the faculty of the Pathology Departnmnt' of The Uiiiversity of . 
Iowa college ^ of .,Me(^icine and the '^t udfen ts with additional cases^ 
being made . available and" greater utilization of 'the sysi^em* 
Anticipated i'n the Hear futnare, ^ , v • ^ 

It is believed by many \nedical educators that medical 
St ude nts ' need to be . ass iste d in developing skills and techniques 
in: (1) gathering and analyzing pertinent inf or matibri ^bout the 
pa-tient; (2) consulting- Supplementary materials ^o gain^ f urifher • 
knowT-edge; and (3) arriving at a definite diagnosis an(j' treat ment 
plan, CAPS appears to be a feasible approach to facilitating 
.such le^arning by providing real patient cases within realistic" 
'hospital contraints, J ' . ^. , ^ 
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